One of the advantages that a picture archiving and communications system (PACS) is supposed to provide over a film-based operation is improved performance in retrieving images. Although it seems selfevident that this should be so, this experiment was intended to verify this and to provide some time comparisons for the two methods. The experiment consisted of randomly selecting ultrasound and computed tomography cases and determining how Iong it took to retrieve files at a PACS workstation or in person from the fUe room. To simulate actual retrieval volumes, a total of 40 cases from current to 6 months old, 20 cases from the past year, and 10 cases more than 1 year old was selected. Results indicate that PACS retrieval can indeed be faster than file room retrieval. However, the difference is less for recent cases than for older cases. For cases 6 or fewer months old, the workstation retrieval was approximately 2.5 minutes faster per case than the film file room. This time difference increased markedly when extended to the 1-year and older-than-l-year groups. This report details the results of this study and provides information about the reliability of the two archives.
I
N AN EVALUATION of the Georgetown picture archiving and communications system (PACS) that was performed for the Digital Imaging Network System project, 1 most users of the system thought that using the PACS was a faster method for retrieving studies than going to the file room. Although this was the common belief, we only performed a small number of timing tests to verify this, and these tests were not performed systematically.
Films are retrieved fora number of reasons, usually by both referring physicians and radiologists. A previous study 2 showed that films were often retrieved by the physician rather than by a clerk or secretary. Any time saved in this process then translates into time saved for the physician. For the radiologist, the use of prior studies is mostly for comparison with a new study of the same type or for correlation with a study of a different type. This is particularly true of the sectional imaging examinations (such as computed tomography [CT] , magnetic resonance [MR] , and ultrasonography [US] ). For either type of retrieval, a delay in obtaining the prior examination can result in a delay in performing the current procedure or in reporting the results of it. The necessity of rapid access to prior examinations is one of the important factors that motivate the use of PACS.
The need for old studies, however, follows a well-known pattern. As Dwyer et aP have shown for individual studies and Greinacher et al 4 for the film archive as a whole, requests for examinations decline exponentially with time. This is the reason for the design of both film and PACS archives as layered or sequential systems. Typically, film files have a short-term storage area for the most current cases, a long-term area for older examinations, anda very long-term archive, which is often placed off site to reduce costs. Because the number of accesses will be small, the penalty of increased time for retrieval is traded off against the lower cost oŸ warehousetype storage. PACS storage usually follows a similar model. The current work is kept in local or central high-speed storage with movement to high capacity but slower storage for long-term archiving. Very long-term storage is done by removing the long-term media from the archive device (eg, optical disk jukebox) and storing it separately.
EXPERIMENTAL BACKGROUND AND METHODS
The Georgetown film file room is organized asa series of three storage areas in the hospital and a long-term archive located off campus. Figure 1 illustrates the film filing hierarchy.
Aftcr examinations are performed and interpreted, they are moved to the Active File. They remain in this area, which is within the Radiol- Figure 2 shows the design of the PACS image archive. Images from current studies are stored on magnetic disks in the database management system (DMS). Some studies are automatically routed to disk storage at workstations for review. This workstation storage corresponds to film images in an automated light-box viewing system (alternator). Because the images are also stored in the DMS, they can be purged from the workstation when its storage is filled. After approximately 5 days, also based on the examination date, the examinations are moved to optical disk storage. The optical disk jukebox holds 79 disks, each of which stores 2 Gbyte. With the image acquisition rates during this study, a little more than i year's studies can be accommodated in the jukebox. After this time, the disks are unloaded and stored on shelving in the machine room. A film file is retrieved by visiting the window at the Active File area. File clerks then check the hospital information system (HIS) terminals, which support a film jacket tracking system. The HIS tells the clerks in which file (Active, Master, Archive, or warehouse [off campus]) the jacket should be located, or ir the jacket has been signed out. Ir signed out, the location is given. The file clerk will then retrieve the case ir it is in one of the on-campus files, direct the person seeking the file to the location noted ir the jacket is signed out, or ask if the person wants to put the request on the warehouse retrieval list ir the file is off campus.
A PACS retrieval is initiated by entering the patient's medical record number or name at the workstation. Then, ir the patient is known to the system, the PACS displays a list of all of the examinations it has in its files for that patient. The person seeking the study then selects the examination to be retrieved. Within 3 minutes, ir the file is on a disk not in the jukebox, the system delivers such a notice when queried. In this event, the system manager is contacted and loads the appropriate disk into the jukebox manually. With the current system software, the notification that the study has been restored from the optical to magnetic disk is not automatic. The notification requires that the workstation text screen be updated, so the user has to perform some action to receive such an update. In practice, this is often done by having the user toggle back and forth between the main menu text screen and the patient data screen, because this can be done with one keystroke for each action. As a study is restored from the optical disk, it is automatically routed to the requesting workstation and will be stored on the workstation magnetic disk ir there is enough space.
US and CT cases were randomly selected from the log books normally kept for these examinations. The log books list the patient, medical record number, brief history, and findings. Originally, we had intended to include MR studies as well, but during the time covered by the study a major change was made in the way MR images were acquired by PACS. We changed from a digitized vŸ acquisition to an all-digital capture. This changed the compliance of the technologists in acquiring images because the digital acquisition required less effort on their part. Because of this change in method, MR examinations were excluded from the retrieval pool. US and CT images had been acquired by vŸ digitization throughout the study period. Table 1 lists the numbers and types of cases selected. We used a linearly decreasing total number of cases with time, because ah exponentially decreasing number would have meant a much larger number of recent cases of a much smaller number of older cases. CT examinations were drawn from both neuroradiologic and body case types.
The case sample included more US studies because the log book for the recent cases was more accessible. The same case was retrieved both from the film file and ffom the PACS.
This selection meant that most cases would be in the on-campus files for film and in the jukebox for the PACS. For the cases older than 1 year, all would be off campus for film and on disks not in the jukebox for the PACS. Timing rules were established for both scenarios. For film, the clock was started when the person retrieving films got in line at the file room and stopped when the jacket was retrieved and the target study pulled out to verify that the correct examination was found. For PACS, the clock was started when the person doing the retrieval entered the patient's medical record number or name at the workstation (if there had been time waiting at the workstation for someone else to finish using it, it too would have been included) and stopped when the first image of the study appeared on the display and the user verified that it was the correct examination.
The file room was notified that such a study was being performed but that it posed no threat to file room personnel because there would be no connection of retrieval times with specific individuals. Although the possibility of introduc- ing a bias was considered, some of the study personnel were unknown to the file room clerks, and the clerks would have been unwilling to let them sign films out. Also, file clerks were instructed not to prioritize requests from the study personnel but to handle such requests in a routine manner. To avoid the bias of particularly busy times at the file room, film retrievals were performed at random times during the work day. A similar policy was followed for PACS workstation retrievals.
Results were tabulated and analyzed using Microsoft Excel (Microsoft Corp, Redmond, WA) and Cricket Software StatWorks (Cricket Software, Malvern, PA) for the Apple Macintosh (Apple Computer, Cupertino, CA).
RESULTS
The results of the data collection are summarized in Tabte 2. Over all cases, the average retrieve time for PACS was 5 minutes 17 seconds, and that for film was 6 hours 48 minutes 40 seconds. This difference was significant (P < .01) by Student's t test.
In addition to the data for retrieval time, notes were also made of which cases could not be retrieved either on film or from the PACS. These "failure rates" are summarized in Table  3 .
In an effort to minimize the number of cases that could not be recovered for film, the file clerks and the person searching followed all the usual procedures in the event that a jacket could not be found in any of the normal locations. The exception was that a repeat request was not tried after a 1-or 2-day wait. For the PACS retrieval, if the patient could not be found by medical record number, a search using the patient's last name was made. This would yield a list of patients and occasionally located a patient record that had been saved under an incorrect number.
DISCUSSION
From Table 2 it can be seen that for recent cases, the performances at retrieving the images from film and PACS were comparable. Though the PACS is faster, the difference is not statistically significant. The film retricval time had a large variance, which was expected. The variance found in the PACS retrieval times (for NOTE: The retrieval times are given as minutes and seconds or hours, minutes, and seconds, depending on the magnitude of the time. Values are means with SD in parentheses. The boxed values for study ages of between 6 months and 1 year and greater than year indicate that the differences between PACS and film retrieval times are significant. Signfficance was tested usin9 Student's t test, and the null hypothesis was accepted for P > .05. The same values were found to remain significantly different when a paired-value t test for performed. For this latter test, only cases with both film and PACS time values present were used, excluding those cases for which either the film or PACS version of the study could not be retrieved. In addition to the differences between PACS and film retrieval times, significant differences were also found between US and CT retrieval times for film for studies less than 6 months old and for PACS for studies greater than 1 year old. Possible reasons for these differences are described in the discussion.
*Only one case found; no SD calculated.
cases up to 1 year old) was primarily the result of the number of images in the different studies and how busy the DMS was with other tasks. In both instances, increasing the numbers of images anda DMS being busy with other tasks resulted in increased retrieval times. 5 The significant difference found between film CT and US retrievals was more difficult to explain. One factor we have noted is that requests for CT films are more common than for US films (given equal numbers of both examination types). This would result in CT films being signed out more often, in a location other than the file room, or lost. A review of the findings for films not found showed that for the cases 6 months old or newer, 20% of CT and 6% of US films could not be found. For cases between 6 months and 1 year old, the proportions were 33% of CT and 25% of US films. For cases more than 1 year old, the proportions inverted, with 20% of film CT examinations not found and 80% of film US studies not retrieved. Because only five examinations of each study type were selected in the over-l-year category, some of this difference could be from sampling error. Actual clinical experience suggests that lar better than 80% of prior US studies can be found. A baseline study performed for the Georgetown DINS project showed that in general the film file room did much better than these figures would indicate. For 826 randomly selected patients, 90% of the film jackets were found. 6 The present study showed the bias of particular studies (eg, CT, US) which, because they tend to be ordered for more specific diagnostic problems than plain films, may also be requested and signed out more frequently, increasing the likelihood of misfiling or loss.
There is an important difference in the reasons for the cases not being retrieved for PACS and film. For film cases, the log books showed unequivocally that the examination was performed and that films were made. A failure to retrieve a case in these circumstances was a failure of the film filing system. For the PACS, a study not being retrievable was almost certainly the result of a failure of the technologist to capture the study on the system and not the result of data loss from a hardware system failure. In general, hardware failures in the Georgetown PACS will prolong retrieve time but not make studies irretrievable. An example of this accounts for the difference in retrieval times for the PACS US and CT cases more than 1 year old. In all but one instance, the system manager loaded the appropriate optical disk, and the case was then restored to the workstation. In one case (a CT study), the optical disk jukebox hada temporary hardware failure during this process. The result was a much longer retrieval time while the problem was corrected. There was no true data-loss PACS failure during this study. It is possible to capture a case in the PACS but "lose" it electronically. Supplying the wrong medical record number will make it difficult to retrieve the study later, but this type of error can be circumvented by searching on the patient's name. Using a different patient's medical record number and failing to notice that the study is being saved under the incorrect name is one circumstance that is equivalent to misfiling a film jacket. These types of errors were reduced in our system when the HIS interface was implemented. 7 This allowed the HIS to supply patient demographics to the PACS and obviated a redundant entry of these data when creating a PACS examination.
The decreasing percentage of nonretrieved cases on the PACS for the more recent studies is due to improved technologist compliance in acquiring cases. For US, one factor was connecting all four procedure rooms to the acquisition system. Before this, studies performed in one of the rooms (not the most frequently used) were not acquired on the PACS. For CT, PACS acquisition tended to lapse on weekends and during evening shifts. However, improving training and emphasizing to the technologists the importance of finding the studies resulted in marked improvements in PACS acquisition rates.
With the exception of two instances, the reasons for failure to locate the film cases are not fully known. In the two instances noted, records showed that the patients had signed out the films and never returned them. Otherwise, films being held without being properly signed out and films misfiled are the two main presumed causes of failure to retrieve the studies.
It could be argued that because such a small proportion of films are requested for older cases, the expenses of PACS archiving and increasing staffing of file rooms ate not costeffective. This study made no attempt to correlate use of the retrieved case with the length of time needed to find it. The cases were randomly selected and so had no clinical reason for being requested. However, in our experience, approximately three to five patients per day in US have some delay either in reporting the results of their examinations or in having their studies performed because of time delays in locating the prior films. This translates into delays getting results to the referring physicians and increased waiting time for the patients. We have also had to repeat portions of CT scans, though less frequently, because film retrieved after the study was begun showed abnormalities in unsuspected areas.
A film-based solution to this problem is to produce duplicate sets of films. Although this can work because one set of films never leaves the radiology department, it not only entails the use of double the amount of materials, but also increased personnel or personnel time to process, sort, and file these films. A PACS-based solution has costs of its own and cannot yet fully address the problem of providing images to physicians outside the hospital. Hybrid PACS, such as those that use electronic archiving but are capable of printing results of examinations or subsets of examinations on demand, and those that can similarly print on low-cost media, may be the best approach for the short term.
SUMMARY
This study has shown that for a randomly selected set of US and CT examinations, PACS and film retrieval times were similar if the cases were less than 6 months old. For examinations older than this, however, the PACS was significantly faster at retrieving the cases. This difference increased with the age of the examinations. The PACS was also more reliable than film in terms of the percentage of cases successfully retrieved.
